Aims: The aim of this study was to investigate whether sick leave due to different mental disorders increased the risk of reoccurring sick-leave, disability pension and unemployment, taking genetics and shared environment into account. Methods: This register-based cohort study contains 2202 discordant twin pairs 18-64 years old, where one twin had sick leave due to a mental disorder [2005][2006]. The end of the sick-leave spell was the start of follow-up for both twins. The twins were followed up for reoccurring sick-leave, disability pension and unemployment (> 180 days in a year), until December 2012. Analyses were censored for disability pension, death, emigration and old-age pension. Cox proportional hazards models with timevarying covariates were used to calculate hazard ratios with 95% confidence intervals (CI). Results: Those with sick leave due to mental disorders had a 3.64 (CI: 3.24-4.08) times higher risk of reoccurring sick-leave within the first two years; after that, hazard ratios were attenuated and explained by genetic factors. The first year, they had 12.24 (CI: 8.11-18.46) times the risk of disability pension. The risk was attenuated but remained at 2.75 (CI: 2.07-3.65) after one year. The risk of unemployment was 1.99 (CI: 1.72-2.31) during the whole follow-up period. The risk of unemployment and disability pension was lower for those with stress-related than other mental disorders, this was less clear for recurrent reoccuring sick-leave. Conclusions: Sick leave due to mental disorders increased the risk of reoccurring sick-leave within two years, disability pension and unemployment, independent of genetics and shared environment.
Introduction
Mental disorders often affect people of working age, and are a leading cause of years lived with disability worldwide [1] . Mental disorders are also one of the most common reasons for work disability in Europe [2] , and in Sweden mental disorders are the most common reasons for sick leave and represent the longest sick-leave duration [3] . Mental disorders encompasses a broad range of disorders of varying severity, however, stress-related, depressive and anxiety disorders are the most frequent sick-leave diagnoses [3] . In Sweden, sick leave in general is more common among women than men [3] and the sex differences are more pronounced in mental disorders, particularly in stressrelated mental disorders where 74% of sickness absentees are women [3] . Generally, sick leave increases with age, but sick leave due to mental disorders mostly affects the age group 30-39 years [4] . Because of the high incidence, long duration and the young age of those with sick leave due to mental disorders, the individual and societal consequences could be severe, especially if the sick leave is followed by long-lasting ill health, work disability, or other long-term exclusion from the job market.
Sick leave is a common prescription in healthcare [5] . However, how sick leave affects an individual is complex and varies depending on the person's life situation. Both positive and negative consequences have been reported by sickness absentees [6] . Consequences that have been studied previously include adverse social and economic conditions [7] and negative consequences on work life; of 20-64 year olds on sick leave for more than 6 months in 2005, only 27.8% were employed three years later [8] . Individuals 30-54 years old on sick leave due to mental disorders had a 7-10% lower disposable income compared with matched controls 2-6 years after the sick-leave spell [9] . Sick leave has also been found to increase the risk of reoccurring sick-leave, disability pension and unemployment [10] [11] [12] [13] [14] [15] [16] [17] .
Previous studies of the consequences of sick leave have controlled for different covariates. However, few have taken unmeasured confounding stemming from genetics and early environment into account. Since mental disorders have been found to be moderately heritable (32-58%), as well as sick leave and disability pension due to these disorders [18] [19] [20] [21] , there may be a benefit to focusing on twin studies of potential outcomes of sick leave due to mental disorders, as these are lacking. An advantage of twin studies is that a closely matched control is available. Twins are matched on shared family environment as well as genetics (monozygotic (MZ) twins share 100% of their segregating genetic material and dizygotic (DZ) approximately 50%). Studying discordant pairs, where one twin is exposed to sick leave due to a mental disorder and the other is unexposed, a conditional analysis can be used to adjust for all factors shared by the twin pairs, i.e. a large number of potential confounders including genetic confounding. Genetic confounding is where the same genetic factors cause the exposure and the outcome and they therefore are associated. Previous twin studies of sick leave in general, have found that familial factors had a small effect on the associations between sick leave, disability pension and mortality [14] and that long-term sick leave (> 16 days) and disability pension shared most genetic risk factors [22] .
Aim
The aim of the study was to investigate the short-and long-term effect of sick leave due to mental disorders on the outcomes reoccurring sick-leave, disability pension and unemployment, while taking familial factors (genetics and shared environment) into account. An additional aim was to investigate if the effect differed between sick-leave durations and diagnoses.
Methods

Sample and data
This study was register based and the source population was the Swedish Twin cohort Of Disability pension and Sickness absence (STODS). STODS contains all 119,907 twins from the Swedish Twin Registry (STR) born and data have been obtained from the following registers and linked using the personal identification number of the participants:
• To be included in this study, both twins had to be alive, living in Sweden, not on old age-or disability pension, as well as below the age of 65 at the start of the follow-up. The following numbers of pairs were excluded due to not meeting inclusion criteria: 156 (312 cases) pairs were excluded due to being concordant for sick leave due to mental disorders, 178 pairs where at least one twin in the pair was dead, 22 pairs were over 65 or turning 65 the baseline year, 466 pairs where at least one twin in the pair was on disability pension at baseline, 22 pairs where at least one twin in the pair was on old-age pension and 72 pairs where at least one twin in the pair was missing in the LISA register at baseline. This left a final sample of 2202 discordant pairs aged 18-64 (mean age 43 years old) that met inclusion criteria (see Table I ). Among both the cases and co-twins 20% had sick leave due to a non-mental diagnosis during the exposure window and these individuals were included. Zygosity was measured with a set of questions measuring twin pair similarity, included in survey studies conducted by the STR. This method has been validated against serological and micro-satellite markers in small subsamples and has been found to be correct in 98-99% of the cases [23] . In the final sample, 13% had primary, 52% had secondary and 35% had higher education. The most common work sectors were healthcare (21%), trade and communications (15%), manufacturing, mining and energy production (13%), education and research (12%) and financial operations and business services (11%).
Exposures
Three different sick-leave measures were used; one binary variable was created: 1= having sick leave due to a mental disorder, and 0= not having sick leave due to a mental disorder. A categorical variable was created, with number of net days in the spell (where part-time sick leave is counted so that, for example, two half-days are considered one net day) for the following five categories: 0, 1-90, 91-180, 181-365 and 366 or more days. The duration of the entire spell was considered, even if it fell outside the exposure window. A categorical variable was also created where 0= no sick-leave spell due to a mental disorder, 1= the sick-leave spell was due to a depressive disorder (International Classification of Diseases (ICD) code F32-33), 2: the sick-leave spell was due to an anxiety disorder (ICD code F40-42), 3: the sick-leave spell was due to a stress-related disorder (ICD code F43) and 4: the sickleave spell was due to another mental disorder (remainder of the F chapter).
Covariates
Sex was used as a dichotomous variable. Age was calculated as the year the spell of sick leave ended, minus the year of birth. For the co-twins, the year the twin ended their sick-leave spell was used.
Outcomes
Since specific dates for unemployment were not available in the LISA register, individuals were considered long-term unemployed if they were unemployed for more than 180 days in a year. This cut-off has been used in previous studies [10, 24] . 1 January of the same year that the 180+ days occurred was used as the follow-up date. For sick leave, the start date of the first sick-leave spell during follow-up was used and all diagnoses were included.
Disability pension can be given if the work ability becomes permanently reduced. The date for the granting of disability pension was extracted from the MiDAS register, all diagnoses were included.
Analyses
The follow-up time was from the end date of the exposure sick-leave spell to the end of follow-up 31 December 2012, until the individual died, emigrated or began to receive an old-age pension, whichever occurred first. The analyses of all three outcomes were also censored for disability pension, while in the analysis of unemployment and sick leave the followup also ended when the respective outcomes unemployment and sick leave occurred. Unconditional and conditional Cox proportional hazards models were used to calculate hazard ratios (HRs) and 95% confidence intervals (CIs). The conditional models were adjusted for age and familial factors, while the unconditional models were adjusted for sex and age separately. By comparing the conditional model with the age-adjusted unconditional model, the impact of familial factors on the associations could be assessed. Further, the conditional analyses were stratified on zygosity, as MZ are more closely (100%) matched on genetics. Hence, if the estimates are lower for MZ compared with DZ twins, genetic factors would seem to be of importance in the associations [25] . Sensitivity analyses were carried out stratified for sex, but since estimates were similar for men and women (slightly higher HRs for men for all outcomes) with overlapping CIs, results are presented with women and men combined. Same sex DZ and opposite sex DZ were pooled, as the estimates were similar for these zygosity groups. The proportional hazards post-estimation test was used to assess whether hazards were proportional, and if they were not, follow-up time was split to allow for the effects of the exposure to vary in different sections of the follow-up time using the tvc (time-varying covariates) function in STATA IC 12. Cut-off points were based on the smoothed hazard curves (not shown), and a statistically significant tvc.
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Reoccurring sick-leave
The average follow-up time was 3.8 years per person (min 1 day, max 8 years). There was evidence against the non-proportional hazards assumption (p < 0.01) and two years was used as the cut-off point for splitting the follow-up time. Those with sick leave due to a mental disorder had 3.64 times the risk of going off on sick leave during the first two years of follow-up, compared with their co-twins. HRs were similar in the unconditional analysis adjusted for age and in DZ and MZ twins (Table II) . However, after two years the HRs were attenuated to 1.42 for the whole sample and seem to be influenced by genetic factors as there was an increased risk in the analysis of DZ twins, but for MZ twins the HRs were below 1 and not statistically significant. There were no major differences in different durations of sick leave, or between different diagnoses (Table II) .
Disability pension
The average follow-up time was 5.8 years per person (min 1 day, max 8 years). There was evidence against the non-proportional hazards assumption (p < 0.01) and one year was used as the cut-off point for splitting the follow-up time. The first year, those with sick leave due to a mental disorder had more than 12 times the risk for disability pension compared to their co-twins. The risk was attenuated but remained at 2.75 after one year (Table III) . Estimates were similar in the unconditional and conditional analyses and between DZ and MZ twins. The first year, no increased risk was found in those with a sick-leave duration of 90 net days or less, and the risk increased with an increasing duration of the sick-leave spell. There were some differences between the different sick-leave diagnoses, however the CIs were wide and in some cases overlapping. In the unconditional analyses the stress-related mental disorders had a lower risk than those with depressive-, anxiety-and other mental disorders, however, this was less clear in the conditional analyses (Table III) .
Unemployment
The average follow-up time was 5.3 years per person (min 1 day, max 8 years). The proportional hazard assumption was not violated (p = 0.54). The conditional analyses of the whole sample showed that those with sick leave due to a mental disorder had a 99% higher risk of being unemployed for more than 180 days in a year during the follow-up time compared with their co-twins (Table IV) . The estimates of the unconditional analyses adjusted for age were similar to the estimates of the conditional analysis and the estimates were similar for MZ and DZ pairs. The increased risk for unemployment was also observed for shorter durations of sick leave (90 net days or less). However, the risk was higher for those who had been on sick leave for more than 365 net days. The risk of unemployment was higher among those with depressive-, anxiety-and other mental disorders than those with stress-related mental disorders (Table IV) .
Discussion
In this population-based co-twin study, we found that those who had sick leave due to a mental disorder during 2005-2006 had more than three times the risk of reoccurring sick leave. However, after two years this risk was attenuated and no association was found in MZ twins. The risk of disability pension was twelvefold the first year after the sick-leave spell had ended and then was reduced to just below three times the risk for the remainder of the follow-up. Those with sick leave due to a mental disorder also had twice the risk of long-term unemployment, compared with their twin sibling who did not have sick leave due to a mental disorder for the entire follow-up period. Whether sick leave is beneficial to those with a mental disorder is somewhat unclear, and a challenge to study. On the one hand, symptoms may worsen with inactivity and work is generally positive for a person's mental health [2] , and on the other hand a poor work environment, e.g. a work environment characterized by job strain or low social support, is a contributing factor to common mental disorders such as depression and stress-related disorders [26] . Furthermore, job adjustments, workplace-oriented rehabilitation as well as change of occupation, has been shown to reduce the risk of further sick leave for those on sick leave due to mental disorders [27, 28] . Using co-twins as the reference group gave the current study the benefit of adjusting for the genetic and early environmental predisposition for sick leave due to mental disorders. However, since we did not know if the twins were concordant for the mental disorders we could not conclude if it was the absence from work, or the underlying disorder, that increased the risk of subsequent sick leave, disability pension and unemployment. A previous study has used those diagnosed with depression as a reference group when investigating the association between sick leave and suicide, and found that sick leave was still a risk factor [29] . Early part-time sick leave, as compared to fulltime sick leave, was found to be beneficial for reducing the length of the sick-leave spells and improving self-rated health and health-related quality of life in a randomized study of those with sick leave due to musculoskeletal disorders [30, 31] , indicating that for this group, it was beneficial not to be absent from work.
The finding that sick leave due to mental disorders increased the risk of reoccurring sick-leave is in line with previous studies [11] [12] [13] . However, it should be noted that we did not know whether the exposure spell was the first or one in a line of many. Since having multiple spells may be an indication of chronic or reoccurring psychiatric morbidity [1] , this may have inflated the associations somewhat. Furthermore, we found that after two years of not needing sick leave or being granted disability pension, the risk was greatly reduced and not significant in MZ twins that share 100% of their genetic material and hence are more likely to be concordant for these mental disorders [20, 21] . This would indicate that it may be the underlying disorder rather than the absence from work that explains the increased risk of subsequent sick leave after two years . However, in the first two years, it does seem like the sick-leave spell itself has a direct effect on the risk of reoccurring sick-leave and hence preventive measures such as shorter, or parttime sick-leave spells may be beneficial.
Sick leave increased the risk of disability pension twelvefold the first year; the risk increased with an increasing number of net sick-leave days and was not significant for spells below 90 days. It is unusual for individuals to be granted disability pension without being on long-term sick leave first, so these results are not surprising and in line with previous findings [10, 11, [14] [15] [16] [17] . Nevertheless, the increased risk was greatly attenuated after one year but remained throughout the follow-up period and does not seem to be influenced by familial factors. This is in line with another twin study that investigated all sickleave diagnoses [14] , even though one previous twin study found that genetic factors explained most of the covariation between sick leave and disability pension in Norway [22] . It seemed that stress-related mental disorders were associated with a lower risk of disability pension compared to other mental disorders, and previous research has found that individuals on sick leave due to stress-related disorders have a higher return to work rate [32] . However, this was less clear in the present conditional analyses perhaps due to the co-twin sharing a susceptibility for the same disorder.
The fact that sick leave increases the risk of unemployment is in line with previous findings [10, 11, 16] . In this study we also found this was independent of familial factors, indicating that this association is not affected by personal characteristics or predisposition to a mental disorder. Possible explanations may instead include discrimination in the job market of individuals with mental disorders. Moreover, extended absences from the job market, such as in the case of the longer sick-leave spells, can make it difficult to find employment in a highly competitive market. These findings warrant further attention; public awareness of these common mental disorders and additional support for individuals with mental disorders in the job market may be beneficial.
Strengths of this study include the use of nationwide registry data; this meant we had no loss to follow-up and few missing data. Moreover, we were able to include a large number of discordant twin pairs. However, some analyses were still underpowered and the proportional hazards assumption was violated. We solved this by splitting the follow-up time, which led to lowering the power further, and as a result some of the findings are inconclusive. Since few twins in this study had participated in any survey assessing self-rated health or mental disorders we were unable to include such data in our analyses, which may have affected the associations. Poor self-rated health has previously been found to affect the associations between long-term sick leave due to mental disorders, disability pension and long-term unemployment [10] . Adjusting for selfrated health would have helped us to further disentangle the effect of the sick-leave spell and what was the effect of the underlying mental disorder. The STR only contains twins born in Sweden and the results may therefore not be generalizable to those born in another country. As we only had access to the main sick-leave diagnosis and included twins with sick leave due to non-mental disorders in the reference category, we were not able to identify cases where a mental disorder was a significant contributor to the sick leave but not the main diagnosis. A previous twin study found that internalizing disorders such as depression and anxiety increased the risk of sick leave due to somatic conditions, and this association was explained by common genetic factors [33] . Hence, some of the twin pairs may not have been truly discordant for sick leave due to mental disorders and this may have affected the results.
To conclude, in this population-based study of discordant twin pairs, we found that sick leave due to mental disorders increased the risk of reoccurring sick-leave within two years as well as disability pension and unemployment, independent of genetics and shared environment. It is important to note that familial factors do not seem to drive the associations. This finding indicates that interventions aimed at preventing reoccurring sickleave, disability pension and unemployment among those on sick leave due to mental disorders has the potential for a successful outcome.
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